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Antimonide devices
extend the spectrum
Opto diodes and arrays based on III-anti-
monide materials promise to fill an impor-
tant gap in the long wavelength portion of
the spectrum. These make them attractive
for imaging applications over the 2-3.5µm
range.
III-V antimonide devices are more robust and
durable and offer more uniform characteristics
compared to traditional devices.The superiority
over cryogenically cooled lead salt lasers, for
example, is making them popular in gas spec-
troscopy over the 2-3µm range.These virtues
will surely mean that this type of detector
becomes the designer’s choice for retrofitting
present day systems as well as novel new 
instruments.
The availability of discrete, low-cost, high effi-
ciency lasers makes practical all manner of
portable monitors. Pollution and personal glu-
cose monitors are examples. Most important,
they need to be capable of room temperature
operation without expensive and awkward 
cryocoolers.
In an era of heightened demand for surveillance,
such as chemical weapon monitoring, there
exists a market for higher performance devices,
like those fabricated from III-antimonide materi-
als. Existing sensors lack discrimination, low
operating bandwidth and most all have this prob-
lem of bulky, power-hungry crycoolers.
Magnetic sensors
Although there is a great deal of interest in the
opto side of antimonide devices, perhaps the
biggest commercial success to date has been in
the area of Hall sensors. For example, Optek and
Emcore have co-developed devices for the auto-
motive sector, whereby Optek packages and adds
value to Emcore’s InSb magnetoresistive (MR)
die. Emcore’s InSb die are based on technology
developed by General Motors and continue to be
used by that company for crankshaft position
sensing, for ignition timing and so on. MR sens-
ing technologies offer many advantages for
engine control and as industry awareness and
the use of MR sensors increases, it is believed
that they will offer a cost-effective alternative to
today’s systems.
The leader in the field with 70% of the market is
Japan’s Asahi Kasei Electronics (AKE), which says
it has a production volume of over 100 million
Hall elements per month. Included in its offer-
ings are a range of high-sensitivity InSb Hall ele-
ments, which are used in small brushless DC
motors and in consumer equipment, such as
VCRs and DVD players. In broader terms, typical
applications include construction machinery,
machine tools, vending machines, etc.The market
is thus vast and III-V devices are perhaps more
commonplace than many people think.
Into space
Although the advantages of antimonide devices
are many, they will see competition from other
compound semiconductors, most notably from
the II-VIs.The advantage is dependent on the
application. In the area of astronomy, for exam-
ple, InSb detectors have had almost universal
success. However, the world’s largest IR camera
includes an array based on II-VI materials.The
Ultra Low Background Camera (ULBCam)*,
which had its first light last September, is a result
of a detector development project funded by
NASA and run out of Institute for Astronomy’s
Hilo facility at the University of Hawaii.The
detectors in the ULBCam utilise new technology
developed to meet the needs of NASA’s James
Webb Space Telescope (JWST).The 6-m-class tele-
scope will be the successor to the Hubble Space
Telescope. It will have six times the collecting
area and will be launched into an orbit far
beyond the Moon at the L2 Lagrangian point. In
parallel with the JWST, large ground-based tele-
scopes are to take advantage of this new technol-
ogy: on Mauna Kea, both the Canada-France-
Hawaii Telescope and Gemini Telescope Project
are proceeding with 16 megapixel IR cameras.
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Until now nearly all ground- and space-
based instruments have been based on
InSb-based arrays. However, in some
cases, the four megapixel CMT-based
arrays have been shown to offer superior
detection. In future, some observers say
that antimonide arrays will likely also see
competition from ferroelectric materials
too.
Before leaving this interesting area it is
worth noting another success for InSb
detectors in space applications.The
Visual and Infrared Mapping
Spectrometer (VIMS) is not only a colour
camera mounted on the Cassini space-
craft, but also for the IR part,VIMS-IR, it
has a 1-dimensional InSb detector.
Surveillance
Another key area of application involving
observation under difficult conditions is
that of airborne forward-looking IR or
FLIR. For example, InSb is the key com-
ponent in the Ultra 7000, the world’s
best-selling compact airborne-stabilized
FLIR. It includes a ‘3rd-generation’
320x240 InSb IR focal plane array
(IRFPA) detector.This is coupled to a
continuous 10x zoom lens and high-reso-
lution CCD camera.The FLIR is basically
an IR imager and low-light TV camera.
For defence applications this can be
combined with a long-range laser illumi-
nator/pointer to broadly illuminate large
areas or work as a focused pointing
device.At only 9 inches and weighing
approximately 26 pounds, the fully
sealed gimbal is designed to minimise
drag and provide maximum ground clear-
ance.Advanced stabilisation produces
clear, detailed images of the kind we are
used to seeing on TV from police chases
and ‘smart bomb’ attacks.
Alternatives to radar are increasingly
important in the age of stealth. But
before even that, being able to see long
distances without alerting the enemy
with your radar beam was an advantage
most air forces looked into albeit with
mixed success. For example, the US
Navy’s F14 Tomcat fighters had a gimbal-
mounted IR detector set under the nose.
It could be slaved to the radar or used
independently and it too was based on
an InSb.These had to be cooled by a self-
contained Stirling-cycle cryogenic sys-
tem, and in service the sensor proved
ineffective, so it was replaced by a room-
temperature TV camera fitted with a sta-
bilised telephoto lens.
Things have moved on since then of
course. Concerted long-term effort has
resulted in the medium scale production
of quality devices. Currently manufacturing
technology for InSb (& CMT) IRFPAs is
mature and the risk to obtain 128x128
arrays is low. There are around a half-
dozen companies who can manufacture
midwave InSb (and/or CMT) IRFPAs.The
manufacturing processes have been
refined over the years to be robust and
repeatable, so as to make high-perform-
ance, reliable IRFPA, and thus drive the
expansion of not only the military but also
the increasingly important civil market.
Demonstrations of the US military’s
application of InSb IRFPAs are 
growing fast.An example is the AAQ-27
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3rd-generation, mid-wavelength infrared
(MWIR) imaging system that is in pro-
duction for the US Marine Corps’V-22
Osprey tilt-rotor.This system will allow
Osprey pilots to see through darkness,
smoke, haze, and adverse weather. Of
course this is conditional on the Osprey
going into service.The US DoD has
already decided to terminate the next-
generation Comanche ‘stealthy’ helicop-
ter and this was also to be a major user
of IRFPA systems (as well as mm-wave
radar based on GaAs MMICs).
Staring focal plane
MWIR incorporates a so-called ‘staring’
(as opposed to scanning line by line)
focal plane array, with 480 x 640 detec-
tor elements. It has given high image
quality and range performance, providing
higher resolution imagery than current
long-wavelength infrared systems.A big
plus is that staring sensors do not need
the moving parts used by scanning sen-
sors.This gives higher reliability, about
50% better than that of earlier systems. It
is also smaller and lighter - it weighs
under 90 pounds.Thanks to this it can be
used in other systems, such as unmanned
aerial vehicles (UAVs).
Hughes is exploiting existing mosaic
‘starer’ IRFPA technology by integrating it
with the radar for the Global Hawk UAV
programme in an affordable package.The
combination of sensors across the light
spectrum has created a new concept
called ‘sensor fusion’ and InSb has a
major role to play in this. Such UAVs and
related vehicles (e.g. submarine
periscopes) have sensors not only in the
visible but also with IR and of course,
radar. Integration of all these sensors is a
complex task, but it yields impressive
results at night and in adverse weather.
Plus they share a common signal proces-
sor to give high quality imagery in a com-
pact high-performance reconnaissance
system.The data is then relayed to battle-
field commanders in time to initiate an
air strike, for example.
The success of such systems in recent
conflicts has caused a major shift in the
reconnaissance assets of the US and its
allies. For example, Hughes has several
third-generation IR imaging system con-
tracts, including a $4m USAF project via
DARPA to develop a portable, long-range
IR sensor and laser rangefinder.This 8-
pound system, called the small unit oper-
ations sensor system, includes a third-
generation visible through mid-wave
infrared sensor and an eyesafe laser range
finder.All of this is made possible by
advanced optoelectronics and associated
signal processing capability, not the least
being the III-V technology.
Air-to-air missiles
One of the more conspicuous - and suc-
cessful - weapons of the past four
decades has been the Sidewinder air-to-
air missile (AAM). The latest generation
of such weapons rely on InSb devices.
In Russia, Israel, and elsewhere, pro-
grammes are ongoing to further refine
and enhance the performance of AAMs,
which are seen as key armament, not
only for aerial combat, but also ship
defence and even anti-tank scenarios. In
Europe, Bodenseewerk Geratechnik
(BGT) has developed a new high resolu-
tion scanning imaging IR seeker for the
Eurofighter Typhoon’s AAM.This is
named, IRIS-T (Infra Red Imagery
Sidewinder Tail-controlled) and is a multi-
national programme.
Built on BGT’s involvement in produc-
tion of the existing Sidewinder as well
as its seeker work, the IRIS-T retains
complete interoperability with the
ubiquitous Sidewinder - any aircraft
capable of carrying and firing
Sidewinder will be capable of launch-
ing IRIS-T. In common is a guidance
section containing a BGT-designed
scanning imaging InSb IR sensor array,
with a resolution of 128 x 128 pixels,
combined with digital signal process-
ing (provided by a SAAB built DSP).
This means it can see its target and
even aim for certain specific sections.
It can also be launched ‘over the shoul-
der’ via a Helmet Mounted Sight or via
the radar.
Seeing further
By now it should have become clearer
just how important the antimonide
materials are within the III-V semicon-
ductor arena.They do their job very
well, and despite being shy of publicity,
they support a growing number of
companies.The business includes sub-
strates, epiwafers and devices in a mar-
ket of a respectable size.
Antimonides will help us see further into
the fog of war, the depths of space and the
diagnosis of illness.At the same time they
present a technical challenge at every level
sufficient for much useful discussion at the
conferences and in the literature.
*Web: http://www2.ifa.hawaii.edu/
newsletters /article.cfm?a=139&n=14
A Sidewinder AAM, fired from an F/A-18 Hornet - the photosensitive IR detector is a continuously
imaging photovoltaic InSb IRFPA, which operates in the midwave IR part of the spectrum. The latest
IRFPA of 128x128 active pixels further improves sensitivity, due to its longer detector integration
times and higher resolution. The high-resolution 2D image provides information for improved target
acquisition in clutter backgrounds and enhanced anti-countermeasures (decoy flares) capability,
through the use of spatial and temporal filtering. Courtesy of Raytheon.
pp32-34.qxd  01/04/2004  11:52  Page 34
